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(57) ABSTRACT

This invention relates to an active vibration isolation instal-
lation based on electromagnetic and acrostatic floatation
which is essential for the super-precision measurement and
manufacture. It mainly consists of an isolation platform, an
intermediate sleeve and a base. The isolation platform sup-
ports any object(s) placed on the platform and is supported by
the intermediate sleeve. And the intermediate sleeve is sup-
ported on the base which is fixed on the ground. This inven-
tion uses the combination electromagnetic and aerostatic
floatation to achieve large bearing capacity while excellent
vibration isolation performance is maintained. This invention
realizes automatic control of stiffness, using closed-loop
speed control methods. It is therefore conclude that this
invention can impose an excellent inhibitory action on the
vibration originating from surroundings and the platform
itself.

5 Claims, 1 Drawing Sheet




US 9,145,945 B2

Page 2
(56) References Cited 8,177,041 B2* 5/2012 Rodenbeck ................ 188/266.5
8,186,490 B2* 5/2012 Melzetal. .... 188/266.7
U.S. PATENT DOCUMENTS 8,499,907 B2* 82013 Smithetal. ...... ... 188/378
8,820,492 B1* 9/2014 Kavlicogluet al. ........ 188/267.2
5,726,512 A * 3/1998 Chuetal. .coooocrovrereen.. 310/90.5 8,882,091 B2* 11/2014 Leeetal. ................ 267/140.14
5,810,336 A * 9/1998 Gennesseaux .. . 267/140.14 2002/0017749 Al* 2/2002 Fujitaetal. ... . 267/140.15
5027699 A * 7/1999 Nakajimaetal, ... 267/140 14 2003/0155822 Al* 82003 Nadeau etal. .......c........ 310/51
5,957,440 A * 9/1999 Jonesetal. .. . 267/140.14 2005/0158193 Al* 7/2005 Rokeetal. .....cccooueenne 417/417
6,209,692 Bl * 4/2001 Pelsetal. ... ... 188/381 2007/0001354 Al* 1/2007 Stothersetal. ... 267/136
6,327,024 B1* 12/2001 Hayashi et al. . .. 355/53 2007/0273074 Al* 11/2007 Mizuno et al. ... . 267/140.15
6,378,672 B1* 4/2002 Wakui .......... ... 188/378 2008/0191118 Al* 82008 Johnsonetal. ............ 248/638
6,464,213 B1* 10/2002 Kojima ... .. 267/140.14 2008/0290624 Al* 11/2008 Yamanaka etal. ..... 280/124.154
6,938,889 B2* 9/2005 Chuang ... .. 267/140.15 2009/0020381 Al* 1/2009 Hindleetal. ................. 188/267
7,275,627 B1* 10/2007 Mayama ...... ... 188/378 2011/0018214 Al1* 1/2011 Kondo ......ccooevvvennnnn 280/5.515
7,686,144 B2* 3/2010 Shibayama et al. ... 188/378
7,918,431 B2* 4/2011 Ham .......... ... 248/560 * cited by examiner



US 9,145,945 B2

Sep. 29, 2015

U.S. Patent

AN AT S
/%//// I\
\
Yt ;
I B | 7/l
;
il /
\ m




US 9,145,945 B2

1
ACTIVE VIBRATION ISOLATION DEVICE
BASED ON ELECTROMAGNETIC AND
AEROSTATIC FLOATATION

CROSS REFERENCE TO RELATED PATENT
APPLICATION

The present application is the US national stage of PCT/
(CN2013/071884 filed on Feb. 26, 2013, which claims the
priorities of the Chinese patent applications No.
201210201284.1 filed on Jun. 9,2012, which applications are
incorporated herein by reference.

TECHNICAL FIELD

This invention relates to an active vibration isolation
device based on electromagnetic and aerostatic floatation,
which is essential for super-precision measurement and
manufacturing.

BACKGROUND ARTS

A platform with perfect horizontal straightness provides a
basic guarantee for the precision measurement and manufac-
ture of large scale integrated circuits in the field of super-
precision measurement and manufacturing. It is widely used
for many advanced production and measurement systems
such as biology study, electron optics manufacture, precision
machining, physical and chemical tests and etc. The control
of its horizontal straightness has its effect on the measure-
ments of machinery and the performance of instruments and
directly effects on the suppression of platform with aerostatic
floatation on vibration. The effect of environmental vibration
on instrument and equipment increases as the super-precision
measurement instrument and super-precision manufacturing
instrument are increasingly updated. As a newly developed
vibration isolation device, the platform with an electromag-
netic and aerostatic floatation is developing with the devel-
opment of precision instrument manufacture industry, the
high speed development of ultra-large scale integrated cir-
cuits manufacture industry in particular, and as the measure-
ment accuracy and stability requirements are becoming
increasingly stringent as well.

Interferences to super-precision measurement instrument
and manufacturing equipment are mainly generated at fre-
quencies in the range 0f 0.8~100 Hz. There are two kinds of
vibration sources, one comes from the ground and the other
comes from the platform itself. Passive isolation system is
widely used to separate the platform from ground vibration. A
passive isolation system usually does an excellent job at high
frequency. But it does not work very well at low frequency
and in reducing direct disturbance to the platform. So active
isolation systems are now becoming more and more popular,
because of their excellent vibration isolation performances.
However, these active isolation systems need sensitive sen-
sors and a large amount of energy from actuators. And the
high cost of these systems places another obstacle to their
further applications.

Taksehi Mizuno from Japan Saitama University used zero-
power control strategy and proposed a magnetic suspension
structure, to realize infinite stiffness and to reduce the direct
disturbance. They proposed a solution to the problems of
vibration isolation, but their proposed method still has its
obvious drawback. The isolator’s size and carrying capacity
are limited because vibration isolation is achieved using
mechanical springs. In addition, the position accuracy of the
platform cannot go up to a micron or submicron level. Nowa-
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days, there is a common problem with active or passive vibra-
tion isolation systems, such as complex structure, high manu-
facturing cost and stringent requirement for sensors and
actuators.

SUMMARY OF INVENTION

One aspect of the invention aiming at providing an active
vibration isolation device based on electromagnetic and aero-
static floatation is proposed to isolate the vibrations originat-
ing from surroundings and the platform itself. The device
adaptively combines aerostatic floatation with electromag-
netic floatation. This invention features the adaptive combi-
nation of the negative stiffness characteristics of electromag-
netic floatation and the large bearing capacity of acrostatic
floatation. The stiffness of the vibration isolation is adjusted
using a closed-loop speed control system. Consequently,
large bearing capacity and proper vibration isolation perfor-
mance is achieved.

One embodiment of the invention directs to a vibration
isolation device mainly consists of an isolation platform, an
intermediate sleeve and a base. The intermediate sleeve with
an annular air chamber is placed inside the base, and there is
a cylindrical air cavity below the intermediate sleeve. A non-
contact vertical displacement sensor B is fitted in the cylin-
drical air chamber to measure the height of intermediate
sleeve. There is an air inlet hole in the base sidewall, which
connects with the cylindrical air chamber. The isolation plat-
form is placed in the intermediate sleeve, and there are several
air bearing holes in the intermediate sleeve, through which air
will be charged into the interspace separating the two parts.
The electromagnetic coil and the permanent magnet are fixed
on the bottom surfaces of isolation platform and intermediate
sleeve respectively. Vertical displacement sensor A is
mounted on the top of intermediate sleeve.

Technical Effect of the Invention

1.This invention applies the electromagnetic and aerostatic
techniques, to achieve large bearing capacity and maintains
high vibration isolation performance.

2. This invention realizes the automatic control of stiffness
using a closed-loop speed control method. Consequently, this
invention imposes an inhibitory action on the vibration inter-
ference from both surroundings and platform itself.

DESCRIPTION OF DRAWING

The FIGURE attached illustrates the structure of an active
vibration isolation device based on electromagnetic and aero-
static floatation; wherein

(1) Isolation platform, (2) Intermediate sleeve, (3) Base,
(4) Permanent magnet, (5) Electromagnetic coil, (6) Inside
static pressure air bearing holes, (7) Non-contact vertical
displacement sensor A (first non-contact vertical displace-
ment sensor), (8) Outside static pressure air bearing holes, (9)
Non-contact vertical displacement sensor B (second non-
contact vertical displacement sensor), (10) Air inlet hole in
base, (11) Air inlet hole in intermediate sleeve, (12) Cylindri-
cal air cavity; (13) Annular air cavity.

PREFERRED EMBODIMENTS

Following are further detailed descriptions of the invention
in combination with relevant attached FIGURE.

The active vibration isolation device based on electromag-
netic and aerostatic floatation mainly comprises a base (3), an
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intermediate sleeve (2), and an isolation platform (1). The
base has a cylindrical air chamber (12) inside the base which
is supplied with air through an inlet hole for the base (10);

the intermediate sleeve (2) is lose fitted into the base and is
supported by the air in the cylindrical air chamber (12) such
that a gap is formed between the intermediate sleeve (2) and
the base, the intermediate sleeve is provided with an annular
air cavity (13) which is supplied with air through an air inlet
hole for the intermediate sleeve (11) and by which an internal
sidewall from an external sidewall of the sleeve (2) is sepa-
rated; and an central cavity that is defined by the internal
sidewall; the internal sidewall is provided with air bearing
holes (6) communicating the central cavity with the annular
air cavity (13); the external side wall is provided with static
pressure air bearing holes (8) communicating the annular air
cavity (13) with the gap between the base and the intermedi-
ate sleeve (2) so that a first air film can be formed within the
£ap;

the isolation platform (1) has a contour that is in compli-
ance with the shape of the central cavity is fitted into the
central cavity of the intermediate sleeve (2) such that an
second air film is formed within an interspace, which is in
communication with the air bearing holes (6) on the internal
sidewall, is formed between the central cavity and the isola-
tion platform (1) and is filled with air coming from the annular
air cavity (13);

An electromagnetic coil (5) is arranged on a bottom surface
of the isolation platform (1); and a permanent magnet (4) is
arranged on a bottom surface of the intermediate sleeve (2);

A non-contact vertical sensor A (7) is mounted on a top
surface of the intermediate sleeve; and a non-contact vertical
displacement sensor B (9) is mounted within the cylindrical
air chamber (12).

The non-contact vertical displacement sensor A (7) and
The non-contact vertical displacement sensor B (9) can be
optical, eddy current or capacitance displacement sensors;

The permanent magnet (4) is made of rubidium-iron-boron
materials;

Air is charged into the annular air cavity (13) of the inter-
mediate sleeve through the air inlet hole (11). The air pressure
inside the annular air cavity (13) is approximately 0.4~0.6
MPa;

There are layers of air film of 7 um thick each between the
isolation platform (1), the intermediate sleeve (2) and the base
3).

This invention can suppress interferences originating from
surroundings and the platform itself at the same time. This
invention can be used separately or in a group.

The isolation platform (1) and the intermediate sleeve (2)
use the combination of electromagnetic and aerostatic floata-
tion. The permanent magnet (4) is placed at the bottom of
isolation platform (1), and the electromagnetic coil (5) is
placed at the bottom of intermediate sleeve (2). The repulsive
force produced between the permanent magnet (4) and the
electromagnetic coil (5) depends on the turns of electromag-
netic coil (5) and the size of permanent magnet (4), and it acts
on the structure in the vertical direction. In addition, there is
a support force produced by the high pressure air membrane
between the two parts in the vertical direction.

The structures of intermediate sleeve (2) and base (3) use
aerostatic floatation. The static pressure air bearing holes (8)
are distributed separately in the external surface of interme-
diate sleeve (2). The air from the annular air cavity (13) is
charged through the air inlet hole (11). Depending on the
exact weight of vibration isolation device, the air pressure
inside the annular air cavity (13) is about 0.4~0.6 MPa.
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The base (3) is the outermost layer of the invention and it is
fixed on the ground. The cylindrical air cavity (12) is placed
inside the base (3) to provide the vertical displacement for the
structure. The bearing capacity of the invention is mainly
determined by the pressure inside the cylindrical air cavity
(12) and the bottom size of the intermediate sleeve (2). Air is
charged into the cylindrical air cavity (12) through the air inlet
hole in base (10), and air loss is real-time compensated as
necessary for maintenance of pressure stability.

There are air films distributed in the radial direction,
between the isolation platform (1), the intermediate sleeve (2)
and the base (3). Air is charged into the annular air cavity (13)
through the air inlet hole in intermediate sleeve (11), then
flows into the interspace between different structures through
the static pressure air bearing holes (6, 8).

The non-contact vertical displacement sensor A (7) and B
(9) may be optical, eddy current or capacitance displacement
sensors. The sensor A (7) measures the variation of distance
between the isolation platform (1) and the intermediate sleeve
(2), while B measures the distance between the intermediate
sleeve (2) and the base (3). The active control strategy is based
on closed-loop speed control method. The magnitude of con-
trol force depends on the input current of electromagnetic coil
determined by the displacement of the platform. For example,
the platform (1) will go up under the action of negative stiff-
ness strategy if there is a downward force acting on the iso-
lation platform (1), and the intermediate sleeve (2) will
descend under the action of positive stiffness characteristic of
aerostatic floatation. The relative displacements are offset
against each other and so, they can always be neglectable.
Additionally, if the electromagnetic coil (5) is not under the
speed closed-loop control and only fixed magnet field is pro-
vided to balance the weight of the load, the electromagnetic
and aerostatic floatation in the device are equivalent to pas-
sive vibration isolation in principle, and functions to suppress
external vibrations.

What is claimed is:
1. An active vibration isolation device based on electro-
magnetic and aerostatic floatation, comprising

abase (3), having a cylindrical air chamber (12) inside the
base which is supplied with air through an inlet hole for
the base (10);

an intermediate sleeve (2), which is lose fitted into the base
and is supported by the air in the cylindrical air chamber
(12) such that a gap is formed between the intermediate
sleeve (2) and the base, the intermediate sleeve is pro-
vided with an annular air cavity (13) which is supplied
with air through an air inlet hole for the intermediate
sleeve (11) and by which an internal sidewall from an
external sidewall of the sleeve (2) is separated; and an
central cavity that is defined by the internal sidewall; the
internal sidewall is provided with air bearing holes (6)
communicating the central cavity with the annular air
cavity (13); the external side wall is provided with static
pressure air bearing holes (8) communicating the annu-
lar air cavity (13) with the gap between the base and the
intermediate sleeve (2) so that a first air film can be
formed within the gap;

an isolation platform (1), having a contour that is in com-
pliance with the shape of the central cavity is fitted into
the central cavity of the intermediate sleeve (2) such that
an second air film is formed within an interspace, which
is in communication with the air bearing holes (6) on the
internal sidewall, is formed between the central cavity
and the isolation platform (1) and is filled with air com-
ing from the annular air cavity (13);
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an electromagnetic coil (5) arranged on a bottom surface of
the isolation platform (1);

apermanent magnet (4) arranged on a bottom surface of the
intermediate sleeve (2);

at least a first vertical sensor (7) that is mounted on a top 5

surface of the intermediate sleeve; and

a second non-contact vertical displacement sensor (9)

arranged within the cylindrical air chamber (12).

2. A device according to claim 1, wherein the first non-
contact vertical displacement sensor (7) and the second ver- 10
tical sensor (9) are optical sensors, eddy current sensors or
capacitance displacement sensors.

3. A device according to claim 1, wherein the permanent
magnet (4) is made of rubidium-iron-boron materials.

4. A device according to claim 1, wherein the air is charged 15
into annular air cavity (13) of the intermediate sleeve (2)
through air inlet hole (11) such that the air pressure inside the
annular air cavity (13) is maintained at approximately 0.4~0.6
MPa.

5. The device according to claim 1, wherein thickness of 20
the first air film and the second air film is approximately 7 um.
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